Key Points {#FPar10}
==========

Clottafact^®^ showed a favorable safety profile in clinical practice in Mexico.Clottafact® human fibrinogen concentrate usage profile is considered safe in real-world conditions for the treatment of acquired or congenital fibrinogen deficiency.

Introduction {#Sec1}
============

Fibrinogen has a functional role as the fibrin polymer precursor for the enzymatic process of coagulation \[[@CR1]\]. The severity of coagulation disorders frequently depends on the circulating fibrinogen levels. This is a glycoprotein with a molecular weight of 340 KDa, which is synthesized in the liver and has plasma concentrations between 1.5 and 3.5 g/L. In some cases, such as in pregnancy, baseline levels may be higher \[[@CR1]\].

Fibrinogen disorders may be caused by congenital or acquired defects. Clinical presentations vary significantly, with some causing severe bleeding episodes or even perinatal complications \[[@CR1]\]. Congenital defects can be classified by the circulating fibrinogen quantity (hypofibrinogenemia and afibrinogenemia) or quality (dysfibrinogenemia). The main afibrinogenemia symptom is bleeding, while patients with low hypofibrinogenemia may be generally asymptomatic \[[@CR3]\]; nevertheless, patients still have a high risk of complications, particularly in trauma, cardiovascular surgery, and obstetric surgery \[[@CR4]\]. In cases of obstetric hemorrhage with circulating levels \< 2 g/L, there is a 100% positive predictive value of progression to severe postpartum hemorrhage \[[@CR5]\]. In developing countries, bleeding during childbirth is the major cause of maternal mortality. It also causes significant morbidity in developed countries. There are many international guidelines for the management of severe postpartum hemorrhage in patients with coagulopathies \[[@CR6]--[@CR9]\]. The use of hemostatic drugs and devices such as the blood-clotting analyses (TEG or ROTEM) can be considered for goal-guided active management. It is generally accepted that the core issue of coagulopathy is hypofibrinogenemia, because low fibrinogen levels are associated with a qualitative and quantitative deficiency in clot formation. Fibrinogen concentrate has been used to correct hypofibrinogenemia during postpartum hemorrhage and is accepted as part of active bleeding management \[[@CR10]\].

Post-traumatic bleeding is one of the leading causes of death around the world \[[@CR11]\]. This bleeding is considered preventable if there is adequate and timely treatment \[[@CR12]\]. Cardiac surgery is associated with perioperative bleeding, with an increase in hospitalization time and mortality \[[@CR4], [@CR13]\].

The replacement of fibrinogen in hemorrhage can be implemented with fresh frozen plasma, cryoprecipitates, and/or fibrinogen concentrate \[[@CR14]\]. Human fibrinogen concentrate is considered the treatment of choice for fibrinogen replacement in patients with congenital deficiency and is an effective alternative when there is limited access to cryoprecipitates \[[@CR7], [@CR15]\].

In Mexico, the use of fibrinogen concentrate (Clottafact^®^) has been approved and used since 2015, with the broad indication of acquired and congenital fibrinogen deficiencies. It is available as a lyophilized powder with 1.5 g of fibrinogen dissolved in 100 mL of sterile water for infusion \[[@CR16]\]. While its clinical utility is clear, the use of fibrinogen concentrate to treat or prevent major bleeding is controversial due to the potential adverse effects. Therefore, the main objective of this research was to study the safety of Clottafact^®^ fibrinogen concentrate in real-world conditions in Mexico, and to monitor adverse events.

It should be noted that six fibrinogen congenital deficiency patients in another study had adverse reactions associated with Clottafact^®^, including headache and night sweats. Patients may also have anaphylactic allergic reactions to any protein-derived and intravenous products. Due to the mechanism of action of fibrinogen concentrate, the following reactions also cannot be excluded: thrombosis, transient hypotension, chills, and hyperthermia \[[@CR28]\].

Subjects and Methods {#Sec2}
====================

This safety study, which was performed after the authorization of Clottafact^®^ fibrinogen concentrate (FC), was observational, prospective, and multicenter. The primary objective was to collect information about suspected serious adverse reactions (SUSARs) during and after administration of Clottafact^®^ human fibrinogen concentrate, as well as to perform a causality assessment of SUSARs. Secondary objectives included gathering data regarding which medical specialties tend to use FC, the clinical reasoning behind treatment with FC, the SUSARs associated with its use, and the states where patients tended to be treated with FC within Mexico. It is important to mention that this is an early-stage post-commercialization study with the sole objective of assessing the safety, not efficacy, of the product.

The collection of SUSAR information was reported by the treating physicians. These physicians agreed to be part of this study and were trained in the proper completion of the SUSAR report format. This information was then used to develop a pharmacovigilance safety assessment for Innovare R&D. These reports recorded the patients' date of birth, sex, home state, the indication for the use of FC, the dose of FC administered, concomitant medications, and the clinical manifestations and prognosis of SUSARs. With regard to thromboembolic risk assessment, physicians were allowed to perform whichever studies they found pertinent in order to mitigate this potential risk. However, Doppler ultrasounds were not conducted in any of the study patients.

The SUSARs were registered using the Medical Dictionary for Regulatory Activities (MedDRA) 22.0 version \[[@CR17]\]. They were classified as serious or non-serious. Serious SUSARs included death, life-threatening events requiring hospitalization, disability or incapacity, congenital abnormality/birth defect, or other medically important conditions. Subsequently, there was a review on the duplicity of cases that were reported as SUSARs. In order to consider the causality of an FC adverse reaction, the following were noted: the temporality from the beginning to the end of the treatment; the severity classified according to the intensity of a clinical manifestation as mild, moderate, or severe; concomitant treatments; and information about co-morbidities that was obtained from the medical history with regard to information recorded in this study such as medical procedures, relevant gynecological and obstetric history, non-pathological and pathological personal history, and hereditary background.

The inclusion criteria for this study were patients who were prescribed Clottafact^®^ for indications by their treating physician, who agreed to sign the informed consent in order to report safety information on a case-by-case basis. The exclusion criteria were patients with hypersensitivity to FC or to any of its components, or physicians who did not provide informed consent.

There are no data recorded concerning the physicians who declined to consent to their participation in this study.

Statistical Analysis {#Sec3}
--------------------

Descriptive statistics were performed according to the measurement level of the variables. Quantitative variables are expressed as mean, standard deviation, median, interquartile range (IQR), and minimum and maximum. The chi-square test was used to contrast the equal proportions hypothesis. Student's t-test for related samples was used to compare the mean of laboratory values when the data demonstrated a normal distribution, and the Wilcoxon test was used when there was not a normal distribution. A *p* value \< 0.05 was deemed statistically significant. The analyses were performed using SPSS v25.0 (SPSS Inc., Chicago, IL, USA).

Results {#Sec4}
=======

In this multicenter study, 40 patients from nine hospitals were recruited between January 2017 and June 2019: there were 23 men (57%) and 17 women (43%). The mean age was 39.05 ± 26.8 years, median 37 years (interquartile range (IQR): 16--63 years), range 0--91 years. Mean weight and height were 55.1 ± 28.4 kg and 145.9 ± 37.5 cm, respectively. The mean Clottafact^®^ dose was 2.20 ± 0.77 g. In this study there were 13 pediatric patients (median age 11 years) with a median dose of 1.5 g (IQR: 1.5--2.25 g). Complete blood count (CBC) and clotting times were performed on hospital admission and discharge. Before and after Clottafact^®^ infusion, the mean plasma fibrinogen levels were 2.58 g/L and 4.02 g/L; *p* = 0.001, respectively. No significant differences were found between hemoglobin, hematocrit, and platelet levels on hospital admission and discharge. The average prothrombin time was 14.75 s on hospital admission and 14.85 s on hospital discharge (*p* = 1.000) (Table [1](#Tab1){ref-type="table"}). It is important to highlight that discharge lab panels are relevant to this safety study because the half-life of Clottafact^®^ is quite similar to that of endogenous human fibrinogen. Clottafact^®^ has a similar pharmacokinetic profile to that of its naturally occurring molecule. The distribution and variation of some of the laboratory values regarding hospital admissions and discharges of the studied population are shown in Fig. [1](#Fig1){ref-type="fig"}.Table 1Laboratory values on hospital admission and discharge in the studied populationVariableHospital admissionHospital discharge*p* valueHemoglobin Mean (SD), g/dL12.14 (3.97)10.76 (2.28)0.212 Median (IQR), g/dL12.20 (9.90--14.75)11 (8.60--12.70)Hematocrit Mean (SD), %36.66 (12.6)32.21 (7.75)0.113 Median (IQR), %36 (28.90--44.95)31.20 (25.15--37.85)Platelets Mean (SD), billions/L182.55 (108.91)193.28 (121.88)0.913 Median (IQR), billions/L159 (103--237)162 (123.5--240.7)Fibrinogen Mean (SD), g/L2.58 (2.77)4.02 (1.77)0.001 Median (IQR), g/L2.38 (2.0--2.8)3.0 (3.0--4.3)Prothrombin time Mean (SD), seconds14.75 (3.94)14.85 (3.83)1.000 Median (IQR), seconds14.45 (10.73--19.18)15.15 (11.03--18.38)Thromboplastin partial time Mean (SD), seconds34.01 (11.27)30.54 (10.55)0.144 Median (IQR), seconds29.50 (27.10--39.40)30.30 (21.95--39.25)INR Mean (SD)1.26 (0.21)1.28 (0.26)0.157 Median (IQR)1.32 (1.02--1.40)1.30 (1.03--1.52)*INR* international normalized ratio, *IQR* interquartile range, *SD* standard deviationFig. 1Distribution and variation of laboratory values on hospital admission and discharge in the studied population. *Ad* admission, *Dis* discharge, *Hb* hemoglobin, *PT* prothrombin time, *INR* International Normalized Ratio. *First whiskers (from bottom to top):* each one represents interquartile 1 referring to the first 25% of the whole data of a variable. *First boxes (from bottom to top):* each one represents interquartile 2 referring to the second 25% of the whole data of a variable. *Second boxes (from bottom to top):* each one represents interquartile 3 referring to the third 25% of the whole data of a variable. *Second whiskers (from bottom to top):* each one represents interquartile 4 referring to the fourth 25% of the whole data of a variable

This study included patients from the following Mexican states: Mexico City, 28 patients (70%); Queretaro, seven patients (17.5%); Puebla, three patients (7.5%); Nuevo Leon and State of Mexico, one patient each (2.5%).

The medical specialties that used Clottafact^®^ and contributed information for these analyses were cardiac surgery − 52.5% of the cases (21 patients), gynecology/obstetrics − 17.5% (seven patients), general surgery − 12.5% (five patients), orthopedics and trauma − 12.5% (five patients), and hematology and neurosurgery---2.5% each (one patient each). Age at treatment initiation and gender per medical specialty are shown in Table [2](#Tab2){ref-type="table"}.Table 2Medical specialties that used fibrinogen concentrateVariableHeart surgery\
*n* = 21Gynecology/obstetrics\
*n* = 7General surgery\
*n* = 5Orthopedics and trauma\
*n* = 5Hematology\
*n* = 1Neurosurgery\
*n* = 1Gender Female, *n* (%)8 (38.1)7 (100)0 (0)1 (20)1 (100)0 (0) Male, *n* (%)13 (61.9)NA5 (100)4 (80)0 (0)1 (100)Age at start of treatment Mean (SD), years34 (29.4)29.3 (8.3)58.3 (35.9)49.3 (11.3)6559 Minimum--maximum, years0--7918--4110--9137--63Co-morbidities Yes, *n* (%)20 (95.2)6 (85.7)5 (100)3 (60)1 (100)1 (100) No, *n* (%)1 (4.8)1 (14.3)0 (0)2 (40)0 (0)0 (0)*SD* standard deviation

The causes of bleeding were divided according to the MedDRA classification into three levels of hierarchy. This classification includes System Organ Class (SOC), Grouped Terms (High-Level Terms (HLT) and High-Level Group Terms (HLGT)), and Preferred Terms (PT). Within the SOC level, traumatic injuries, intoxications, and complications on therapeutic procedures had the highest frequency of bleeding with 67.5% (27 patients), followed by pregnancy, postpartum, and perinatal diseases with 12.5% (*n* = 5), and hepatobiliary disorders with 7.5%. Two patients had vascular disorders (5%), one had a heart disorder (2.5%), and one had a gastrointestinal disorder (2.5%). There was only one patient (2.5%) with congenital inherited disorders (Table [3](#Tab3){ref-type="table"}), thus the percentage of congenital versus acquired deficiency was 2.5% and 97.5%, respectively.Table 3Causes of bleeding as classified according to the terms of the Medical Dictionary for Regulatory Activities (MedDRA) \[*N* = 40\]Classification according to MedDRAValue \[*n* (%)\]*System Organ Class (SOC)* Pregnancy, postpartum, and perinatal diseases5 (12.5) Traumatic injuries, intoxications, and complications on therapeutic procedures27 (67.5) Heart disorders1 (2.5) Congenital and genetical disorders1 (2.5) Gastrointestinal disorders1 (2.5) Hepatobiliary disorders3 (7.5) Vascular disorders2 (5)*Group Terms (HLT and HLGT)* Liver abscess1 (2.5) Pulmonary atresia1 (2.5) Complications of liver transplant2 (5) Hemorrhage of digestive tract1 (2.5) Hemorrhage during surgery3 (7.5) Hemorrhage during pregnancy1 (2.5) Postpartum hemorrhage1 (2.5) Congenital hypofibrinogenemia1 (2.5) Multiple traumatic injuries3 (7.5) Traumatic injury1 (2.5) Placenta accreta3 (7.5) Post-surgery bleeding20 (50) Hypovolemic shock2 (5)*Preferred Terms (PT)* Liver abscess1 (2.5) Pulmonary atresia1 (2.5) Complications of liver transplant2 (5) Factor I deficit1 (2.5) Hemorrhage during pregnancy2 (5) Gastrointestinal hemorrhage1 (2.5) Hemorrhage at medical procedure3 (7.5) Postpartum hemorrhage1 (2.5) Post-procedure hemorrhage20 (50) Multiple traumatic injuries3 (7.5) Injury1 (2.5) Placenta accreta2 (5) Hypovolemic shock2 (5)*HLGT* high-level grouped terms, *HLT* high-level terms

It is important to mention that throughout the study no thrombotic events were reported.

Safety Assessment {#Sec5}
-----------------

Only one patient reported SUSARs during the study period. The patient was a 65-year-old woman weighing 55 kg with congenital hypofibrinogenemia. She experienced dry mouth and dysgeusia 6 days after the onset of FC administration. The treatment was discontinued 8 days later, at which point suspected adverse reactions to the medication ceased. Concomitant medications were aspirin, clopidogrel, tramadol, gabapentin, and linezolid. At the end of the monitoring period, the treating physician concluded that the overall outcome was favorable for the patient, as the symptoms associated with the drug disappeared with treatment discontinuation. It was also considered that clopidogrel is known to cause taste alterations and that it may have been a factor in the dysgeusia. Furthermore, it is unknown if the concomitant medications were discontinued. Based on the available information, the market authorization holder (MAH) assessed the relationship between dysgeusia and Clottafact^®^ as "possible" according to the World Health Organization causation method.

Discussion {#Sec6}
==========

The safety profile of fibrinogen concentrate was evaluated in 40 study subjects. Only one patient reported adverse events. Both adverse events (dry mouth and dysgeusia) were considered non-serious. Causation of the adverse events by Clottafact^®^ was potentially confounded by the concurrent use of clopidogrel, though both symptoms ceased after treatment discontinuation. Therefore, this is key evidence in considering causality associated with the study drug. There were no reports of deaths, thrombotic events, or allergic reactions related to treatment. These findings are consistent with other reports that have demonstrated a low rate of adverse events following FC use \[[@CR2], [@CR18]\]. Consequently, we conclude that an infusion with Clottafact^®^ is well tolerated, as Clottafact^®^ use during the course of the study was free of SUSARs in 39 of the 40 included patients.

This study reports data regarding Clottafact^®^ FC use in real clinical practice in Mexico. Here we report that one of the indications for FC use was postpartum hemorrhage (PPH), which is consistent with studies demonstrating that patients with low fibrinogen levels have a higher risk of developing PPH. During PPH, fibrinogen levels decrease rapidly because of the consumption of coagulation factors and blood loss \[[@CR5]\]. In recent years, fibrinogen has been routinely used in PPH because it produces less hemodilution and is more rapidly available than fresh frozen plasma (which involves a waiting time for the defrosting process) \[[@CR5], [@CR7]\]. The lowest limit of fibrinogen plasma concentrations in which FC should be used during PPH is not yet well established, but 3 g/L or higher is considered to be sufficient; it has been demonstrated that regardless of other laboratory results, the risk of developing severe PPH with fibrinogen levels below 2 g/L increases up to 11 times \[[@CR5], [@CR7]\]. It is not recommended that treatment initiation be delayed for laboratory results during active hemorrhage; instead, immediate transfusion of blood components, FC, and/or procoagulants should be carried out \[[@CR6]\]. Fibrinogen levels decrease even more quickly than other coagulation parameters during the early stages of trauma \[[@CR19]\].

In our study, cardiac surgery was the medical specialty with the highest frequency of FC use. Its administration has been accepted in patients who undergo cardiac surgical interventions and have active bleeding either during the intervention or afterwards \[[@CR20], [@CR21]\] because its use is not associated with increased mortality, but rather offers risk reduction for hemorrhagic complications \[[@CR20]\]. The safety and efficacy of FC use has also been demonstrated in the treatment of bleeding for pediatric patients who undergo complex cardiac surgeries \[[@CR22]\].

Thrombosis is one of the most serious, but uncommon, reported adverse events involving FC use when treating afibrinogenemia \[[@CR18]\], as it is assumed that administration could precipitate activation of coagulation \[[@CR23]\]. However, there were no reports of thrombosis in our study.

The use of FC is considered safe for the treatment of hypofibrinogenemia, afibrinogenemia, or dysfibrinogenemia \[[@CR24], [@CR25]\]. It is worth noting that there are several advantages of FC use compared to cryoprecipitates, including its purity, plasma-derived virus inactivation, lower hemodilution, quality concentration, and higher fibrinogen concentrations compared to other blood-derived products \[[@CR25]\]. Likewise, it has been observed that FC is more effective and acts faster than a fresh frozen plasma/platelets cycle \[[@CR26]\].

This study assessed the clinical reports of 40 patients with various causes of bleeding due to fibrinogen deficiency (congenital or acquired). The sample size of our study, while seemingly small, can be considered sufficiently representative with respect to patients with afibrinogenemia or hypofibrinogenemia due to the rarity of these conditions (frequency of congenital fibrinogen is approximately 1 out of 1,000,000 individuals). Moreover, the sample size of our study is much larger than previous publications, with reports of up to 14 individuals \[[@CR27]\]. That said, FC has been commercialized for both congenital and acquired indications in Mexico since 2016 (compared to other countries where its use has been widespread for decades).

Conclusion {#Sec7}
==========

In conclusion, based on this real-life experience in Mexico, the Clottafact^®^ human FC usage profile is considered to be safe for real-world conditions in the treatment of acquired or congenital fibrinogen deficiencies in the Mexican population.
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